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ABSTRACT
Aim: To establish whether ECG findings are associated
with subsequent risk of sudden death from coronary
heart disease (CHD).
Methods and results: Potential risk factors for CHD
were measured at entry to the first Northwick Park
Heart Study of 2167 men. ECG findings were coded as
high or low risk for CHD according to definitions in the
Minnesota code. Sudden or non-sudden deaths were
defined as occurring in less than or more than
24 hours, respectively. The only factor independently
associated with sudden death among the 262 men
dying of CHD was high-risk ECG. Of 184 sudden CHD
deaths, 34 men (18.5%) had had high-risk ECGs at
entry to the study compared with 5 (6.4%) of 78 men
who experienced non-sudden deaths (adjusted OR
3.94 (95% CI 1.33 to 11.67)) (p=0.006). Findings
were also compared among all 2167 men, where high-
risk ECGs were again associated with sudden death. T-
wave changes were the main abnormalities associated
with a high risk of sudden death.
Conclusions: In a group of men who had not
previously experienced major episodes of CHD but who
subsequently died from it, there was strong evidence
that high-risk ECG changes, mainly T-wave
abnormalities, differentiated between those who later
died sudden deaths and those who survived for
>24 hours.
INTRODUCTION
The 12-lead ECG is valuable not only in
diagnosis but also as a predictor of future
risk. There have been many studies of ECG
risk factors for sudden death alone or for
sudden and non-sudden events combined.
One study of fatal and non-fatal coronary
heart disease (CHD) found ventricular pre-
mature complexes predictive of fatal CHD,
but no clear distinction between sudden and
non-sudden CHD deaths.1 A further study
found that left ventricular hypertrophy mea-
sured by 12-lead QRS voltage sum predicted
individuals at an increased risk of sudden
death2 but again there was no clear distinc-
tion between sudden and non-sudden
deaths. However, ﬁndings in both studies
were based on separate, indirect, compari-
sons of data for sudden and non-sudden
deaths. Puddu et al3 identiﬁed ECG
KEY MESSAGES
What is already known about this subject?
▸ T-wave abnormalities are associated with coron-
ary heart disease (CHD) events and, if fatal,
may be categorised as sudden (within 24 hours)
or non-sudden. Some indirect comparisons for
sudden deaths have been reported, identifying
ventricular premature complexes, left ventricular
hypertrophy and T wave changes as risk factors,
for example. However there appear to have been
few if any reports of direct comparisons based
on data for risk factors and outcomes in the
same analyses.
What does this study add?
▸ Results from direct comparisons are likely to be
more accurate and therefore more useful than
from indirect comparisons. This study provides
strong evidence that among those initially free
of major CHD, T-wave abnormalities are subse-
quently associated with sudden, but not non-
sudden deaths due to CHD.
How might this impact on clinical practice?
▸ If confirmed in other studies, our results would
provide good evidence for special surveillance of
those with T-wave abnormalities. The possibility
of identifying those likely to die suddenly if they
show T-wave abnormalities may seem novel,
even improbable. However, our results are
strongly significant and consistent in different
analyses and should therefore not be overlooked
in encouraging further work to confirm or refute
our findings on what is the most serious mani-
festation of CHD.
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abnormalities as a risk factor for all-cause mortality over
40 years but this did not speciﬁcally assess sudden and
non-sudden deaths. There appear to have been few if
any studies making direct comparisons, that is, in the
same analyses, of risk factors in those who die suddenly
from CHD compared with those who survive acute epi-
sodes. This information might inﬂuence the planning of
surveillance and investigation for those most likely to
suffer sudden coronary death. This paper aims to deter-
mine whether details of the ECG can help identify those
at an increased risk of sudden death.
METHODS
Recruitment, investigations and follow-up
This report is based on data from the ﬁrst Northwick
Park Heart Study (NPHS-1),4 a conventionally designed
prospective study carried out in three occupational
groups in North-West London. From 1972 to 1978,
NPHS-1 recruited 2167 men of all ages without previous
episodes of myocardial infarction (MI).
Methods for clinical examination, laboratory measure-
ments and assays have been described previously.4
Twelve-lead ECGs were carried out and classiﬁed accord-
ing to the Minnesota code5 by an experienced coder.
Each record was rated as low or high risk for a later
major CHD event according to individual ECG items
previously used to deﬁne risk in the British Medical
Research Council’s (MRC) trial of screening and treat-
ment for mild hypertension.6 The MRC deﬁnitions
include associations with CHD death (as well as non-fatal
events) but do not specify whether fatal events were
sudden or non-sudden. Table 1 presents the Minnesota
code sections and the MRC high-risk components for
fatal CHD within each Minnesota code section. For
example, the abnormal codes 41-3 and 51-3 in section 4
of the Minnesota code (S–T junction depression) are
those identiﬁed as high risk from the MRC classiﬁcation.
There were no abnormal MRC codes identiﬁed in
Minnesota code sections 2 and 3. However, men on
treatment for hypertension or with consistently raised
blood pressure on remeasurements were not included in
the MRC trial. This may largely explain why there were
no high-risk MRC codes for left ventricular hypertrophy.
Minnesota codes 6, 7 and 8 were not shown in the MRC
publication, and high-risk ECG abnormalities were
agreed by the authors. (In fact, these abnormalities
were assigned to very few study participants.)
Participants were followed up for up to 30 years.
There were no losses to follow-up as the ﬂagging of all
participants in the National Health Service Central
Register ensured that all deaths of study participants
were automatically notiﬁed. On receipt of death notiﬁca-
tions, further details were sought from general practi-
tioners, hospitals and coroners. Information obtained in
this way was then assessed according to WHO criteria7
by three doctors, independent of the study, who were
blind to details such as smoking habit or laboratory
results. These independent assessments were taken as
the causes of death, as they occasionally differed
from the certiﬁed causes. As many participants were
elderly at the time of death, possible effects of multiple
pathology need to be borne in mind in deciding about
the causes of death. Information from the different
sources was also used to determine the interval from
onset of symptoms of a major CHD event to death.
Finally, one of the authors (DAC) assessed each ECG
by current conventional diagnostic methods.
Three groups were established in classifying cases
according to whether they were sudden or not.
Deﬁnite sudden coronary death was deﬁned as death,
often instantaneous, within 24 hours of onset of symp-
toms, when information from hospital records, coroners’
reports or general practices enabled this deﬁnition to be
made with certainty. Of 87 sudden deaths with known
intervals, 71 (63%) occurred within 1 hour. (There were
also 58 sudden deaths deﬁnitely occurring in <24 hours,
but precise timings were not known.)
Non-sudden coronary death was recorded when there
was clear evidence that coronary death had occurred
>24 hours after the onset of symptoms.
Probable sudden coronary death was recorded when it
was likely, though not certain, that death had occurred
within 24 hours. An example would be a man seen alive
one day but found dead in bed the next day, having
died at an unknown time. From available but incomplete
details, the large majority of deaths in this group were
almost certainly sudden. Accordingly, we have, with one
exception (see below), combined deﬁnite and probable
sudden coronary deaths into a single group now
referred to as sudden death. We may therefore have
underestimated (but not exaggerated) any true differ-
ences between sudden and non-sudden deaths, to the
extent that probable sudden deaths may include some
that were non-sudden. One analysis has compared deﬁn-
ite sudden deaths with deﬁnite non-sudden deaths (ie,
omitting probable sudden deaths).
NPHS-I started in 1972, before the development of
ethics committees in the UK. However, those
approached about taking part in the study were given a
full explanation of the reasons for it, its nature and what
Table 1 High-risk MRC codes within specified Minnesota
code sections
Minnesota code section
High-risk
MRC code(s)
1. Q/QS pattern 11-2
2. QRS duration –
3. Left ventricular hypertrophy –
4. ST junction and segment depression 41-3, 51-3
5. T-wave items, no ST depression 51-3
6. AV conduction defect 61–5
7. Ventricular condition defect 71,74-6
8. Arrhythmias 81–9
Sections 2 and 3: no high-risk codes.
AV, atrioventricular.
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it would involve. The original study was funded by the
British MRC (EPNCAC86).
Statistical methods
Men were categorized into one of four groups according
to cause of death (sudden CHD, non-sudden CHD, non-
coronary death or alive at the end of follow-up.) A χ2
test was conducted to assess whether the percentage of
men with a high-risk ECG differed across the four
groups. Risk factors established as associated with death
due to CHD as well as other potential confounding
factors have been included in the analyses as previously
described.8 They have been included in tables 3 and 4
irrespective of the strength of evidence for their associ-
ation with sudden and non-sudden CHD mortality to
more fully allow for any potential confounding.
Categorisations of variables presented in the tables are
consistent with those used previously as are the use of
Table 2 Characteristics at baseline, age at end of study and mortality status
Cause of death*
Total Sudden CHD Non-sudden CHD Non-CHD Alive
All patients 2167 184 78 719 1186
ECG
Low risk 1966 150 (81.5%) 73 (93.6%) 646 (89.8%) 1097 (92.5%)
High risk 201 34 (18.5%) 5 (6.4%) 73 (10.2%) 89 (7.5%)
Age (years)
Mean (SD) 46.3 54.7 (6.8) 54.4 (7.8) 53.7 (8.6) 39.9 (11.1)
Age group (years)
<45 864 19 (10.3%) 8 (10.3%) 100 (13.9%) 737 (62.1%)
45–49 352 21 (11.4%) 11 (14.1%) 110 (15.3%) 210 (17.7%)
50–54 346 48 (26.1%) 16 (20.5%) 147 (20.4%) 135 (11.4%)
55–59 353 52 (28.3%) 22 (28.2%) 198 (27.5%) 81 (6.8%)
≥60 252 44 (23.9%) 21 (26.9%) 164 (22.8%) 23 (1.9%)
Age at event/censoring years
Mean (SD) 71.9 71.3 (8.7) 72.7 (8.0) 74.1 (10.2) 70.6 (10.6)
Peak flow rate (L/min)
<430 316 39 (21.2%) 18 (23.1%) 170 (23.6%) 89 (7.5%)
430 – <490 385 42 (22.8%) 20 (25.6%) 163 (22.7%) 160 (13.5%)
490 – <550 584 54 (29.3%) 22 (22.8%) 176 (24.5%) 332 (28.0%)
≥550 878 49 (26.6%) 18 (23.1%) 208 (28.9%) 603 (50.8%)
Missing 4 2 2
Systolic blood pressure (mm Hg)
Mean (SD) 139 152 (24) 153 (29) 143 (22) 134 (19)
Missing 3
Body mass index (kg/m2)
Mean (SD) 25.0 26.4 (3.0) 26.2 (2.9) 25.1 (3.0) 24.7 (3.0)
Missing 2 1 1
Smoking status
Never 575 24 (13.0%) 14 (17.9%) 106 (14.7%) 431 (36.3%)
Ex-smoker 544 59 (32.1%) 18 (23.1%) 190 (26.4%) 277 (23.4%)
Current smoker 1048 101 (54.9%) 46 (59.0%) 423 (58.8%) 478 (40.3%)
Previous angina
No 2093 168 (91.3%) 72 (92.3%) 684 (95.1%) 1169 (98.6%)
Yes 74 16 (8.7%) 6 (7.7%) 35 (4.9%) 17 (1.4%)
Cholesterol (mmol/L)
Mean (SD) 5.91 6.45 (1.29) 6.64 (1.28) 6.04 (1.10) 5.71 (1.13)
Missing 124 10 4 43 67
Fibrinogen (g/L)
≤3.5 1729 120 (65.2%) 51 (65.4%) 535 (74.4%) 1023 (86.3%)
>3–4 217 36 (19.6%) 16 (20.5%) 91 (12.7%) 74 (6.2%)
>4 126 20 (10.9%) 8 (10.3%) 65 (9.0%) 33 (2.8%)
Missing 95 8 3 28 56
Factor VII (% of standard)
Mean (SD) 108 118 (30) 115 (30) 111 (27) 104 (26)
Missing 94 7 2 29 56
*Representing 8.5%, 3.6%, 33.2% and 54.7% of the participants, respectively.
CHD, coronary heart disease.
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trend tests in the models where appropriate.8 All other
variables detailed in the footnotes to the tables have
been analysed as continuous variables except for alcohol
use and social class, which have been treated as categor-
ical variables.
Two approaches were used in order to assess whether
there were any variables associated speciﬁcally with sudden
when compared with non-sudden coronary deaths.
The ﬁrst, a direct comparison between sudden and non-
sudden death considered only the 262 men who died
from CHD, to establish whether there were any differences
in their risk proﬁles between men who experienced
sudden or non-sudden deaths. Logistic regression was
used with sudden death as the outcome. The main expos-
ure of interest was the initial ECG ﬁnding for each partici-
pant. Univariable as well as age-adjusted analyses were also
undertaken to compare results in the fully adjusted model.
Since men were followed up for 30 years, a further analysis
was undertaken, including age at death or end of follow-up
in the multivariable model.
The second, an indirect comparison, included all
2167 men in the cohort prospectively followed up to
establish whether associations of risk factors with CHD
mortality differed between sudden and non-sudden cor-
onary death. Two separate Cox regression models were
ﬁtted with (1) sudden coronary death as the outcome
and (2) non-sudden coronary death as the outcome,
again ﬁtting all covariates of interest. These Cox models
set the time scale to be current age while also including
age at baseline as a covariate, to allow that baseline
characteristics may have been measured several years
previously.9 In order to adjust for missing data, multiple
imputation techniques with chained equations were
used, assuming missingness to be random, with 100
imputations using all covariates and the CHD mortality
outcome variable and time in the study, as previously
described.8 A sensitivity analysis was conducted to con-
sider whether there was any effect of competing risks
due to deaths from causes other than the outcome of
interest for each analysis (sudden coronary death and
non-sudden coronary death) using the method of Fine
and Gray for competing risk regression.10
The number of sudden deaths attributable to a high-
risk ECG was determined as the number of sudden
Table 3 Multivariable associations of sudden (n=184) versus non-sudden (n=78) CHD death
Adjusted* OR 95% CI p Value
ECG†
Low risk 1 – 0.006
High risk 3.94 1.33 to 11.67
Age
Per 5 year increase 1.00 0.79 to 1.26 0.99
Peak flow rate (L/min)
<430 0.79 0.33 to 1.92 0.50‡
430 – <490 0.78 0.33 to 1.84
490 – <550 0.92 0.42 to 2.06
≥550 1 –
Systolic blood pressure
Per 10 mm Hg increase 0.98 0.86 to 1.11 0.73
Body mass index
Per kg/m2 increase 1.02 0.92 to 1.13 0.74
Smoking status
Non-smoker 1 – 0.90‡
Ex-smoker 2.16 0.85 to 5.49
Current smoker 1.18 0.47 to 2.93
Previous angina
No 1 – 0.78
Yes 0.85 0.28 to 2.57
Cholesterol
Per mmol/L increase 0.85 0.66 to 1.09 0.20
Fibrinogen (g/L)
≤3.5 1 – 0.88‡
>3.5–4 0.82 0.38 to 1.78
>4 1.10 0.39 to 3.15
Factor VII (% of standard)
Per 10 unit increase 1.06 0.95 to 1.19 0.31
*Also adjusted for triglycerides, platelets, white cell count, red blood cell count, haemoglobin, packed cell volume, alcohol use, social class,
factor V and factor VIII.
†Unadjusted OR=3.31; age-adjusted OR=3.34. CHD deaths within 10 years (n=61): adjusted OR=2.18 (95% CI 0.38 to 12.62). CHD deaths
after 10 years (n=201): adjusted OR=4.95 (95% CI 1.26 to 19.48), interaction p=0.47. Adjusted for age at death: OR=3.97.
‡Trend test.
CHD, coronary heart disease.
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deaths among men with a high-risk ECG×(adjusted HR
−1)/HR.
Finally, exploratory analyses were undertaken to consider
whether there were speciﬁc ECG abnormalities associated
with sudden coronary deaths. The ECG abnormalities con-
sidered were T-wave changes (with or without ST depres-
sion), Q/QS abnormalities and arrhythmias.
All analyses were conducted using Stata V.14.1
(StataCorp. 2015. Stata Statistical Software: Release 14.
College Station, Texas, USA: StataCorp LP).
RESULTS
Among the 2167 men, there were 262 CHD deaths during
a median of 30 years of follow-up, and 719 non-CHD
deaths. Of the 262 CHD deaths, 147 were deﬁnitely sudden
and there were 37 probable sudden deaths. Seventy-eight
deaths were deﬁnitely non-sudden. Postmortem examina-
tions had been undertaken in 67% of deﬁnite sudden,
78% of probable sudden and 23% of non-sudden deaths.
Systematic details on interventions during follow-up were
not collected, but from the small numbers on whom this
information was available, there did not appear to be a dif-
ference in coronary artery bypass grafting between those
dying from sudden or non-sudden CHD deaths.
Table 2 gives details of the risk factors measured at
baseline for each of the four participant groups. There
were few differences observed in the risk factors between
sudden and non-sudden CHD deaths except for high-
risk ECGs. Thus, 34 (18.5%) of the 184 men who suf-
fered sudden deaths had high-risk ECGs at study entry.
In contrast, the ﬁgures for the 78 non-sudden CHD
deaths, 719 non-CHD and 1186 still alive were, respect-
ively, 5 (6.4%), 73 (10.2%) and 89 (7.5%) (p<0.0001
comparing differences across all four groups). As
expected, those still alive were noticeably younger at the
start of the study than the other three groups.
Multivariable associations of risk factors with sudden
death are presented in table 3. This conﬁrms the indica-
tion in table 2 that the only risk factor for which there is
any evidence of a difference between those dying
sudden or non-sudden deaths is ECG abnormality, with
an adjusted OR of 3.94 (95% CI 1.33 to 11.67)
(p=0.006). There was no evidence (see footnote to
table 3) that the associations differed according to the
interval between the recording of the ECG and death
(interaction p value=0.47) although numbers are small.
There were similar results in the analysis comparing def-
inite sudden (n=147) with deﬁnite non-sudden (n=78)
Table 4 Multivariable association of high-risk ECG with (1) sudden and (2) non-sudden coronary deaths in all 2167 men*
Sudden death (n=184/2167) Non-sudden cardiac death (n=78/2167)
Adjusted HR 95% CI p Value Adjusted HR 95% CI p Value
ECG
Low risk 1 – 0.001 1 – 0.21
High risk 1.94 1.31 to 2.88 0.55 0.22 to 1.40
Peak flow rate (L/min)
<430 1.40 0.88 to 2.21 0.16† 1.86 0.91 to 3.81 0.045†
430 – <490 1.29 0.83 to 2.00 2.00 1.01 to 3.96
490 – <550 1.32 0.88 to 1.96 1.58 0.82 to 3.02
≥550 1 – 1 –
Systolic blood pressure
Per 10 mm Hg increase 1.10 1.04 to 1.17 0.002 1.17 1.07 to 1.29 0.001
Body mass index
Per kg/m2 increase 1.09 1.03 to 1.14 0.002 1.07 0.99 to 1.16 0.11
Smoking status
Non-smoker 1 – 0.037† 1 – 0.22†
Ex-smoker 1.36 0.83 to 2.21 0.69 0.33 to 1.42
Current smoker 1.65 1.02 to 2.68 1.31 0.67 to 2.55
Previous angina
No 1 – 0.034 1 – 0.23
Yes 1.79 1.04 to 3.06 1.74 0.71 to 4.27
Cholesterol
Per mmol/L increase 1.15 1.00 to 1.32 0.043 1.32 1.08 to 1.62 0.008
Fibrinogen (g/L)
≤3.5 1 – 0.007† 1 – 0.025†
>3.5–4 1.47 0.99 to 2.18 1.68 0.92 to 3.06
>4 1.86 1.09 to 3.15 2.11 0.93 to 4.78
Factor VII (% of standard)
Per 10 unit increase 1.05 1.00 to 1.11 0.071 1.01 0.92 to 1.10 0.83
*Also adjusted for current age, triglycerides, platelets, white cell count, red blood cell count, haemoglobin, packed cell volume, alcohol use,
social class, factor V and factor VIII.
†Trend test.
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death (ie, omitting probable sudden deaths): adjusted
OR 3.95 (95% CI 1.28 to 12.18) (p=0.009).
Table 4 shows associations separately among all 2167
men prospectively followed for (1) sudden CHD deaths
and (2) non-sudden CHD deaths. There was strong evi-
dence for an association of high-risk ECG with sudden
death (adjusted HR 1.94 (95% CI 1.31 to 2.89)
(p=0.001)), whereas no such association was seen for
non-sudden coronary death (adjusted HR 0.55 (95% CI
0.22 to 1.40) (p=0.21)).
From this model, among the 34 men with an ECG
abnormality who died suddenly, ∼16 were attributable to
the ECG abnormality. Alternatively, of the 184 sudden
deaths (ie, sudden and probable sudden), 16 (8.7%)
were attributable to high-risk ECGs.
Allowance for missing data gave very similar results
and did not change their interpretation. For the com-
peting risk analysis, the association of high-risk ECG
with sudden death gave an adjusted HR of 1.88 (95% CI
1.26 to 2.81, p=0.002) with an adjusted HR for the asso-
ciation of high-risk ECG with non-sudden coronary
death of 0.49 (95% CI 0.19 to 1.26, p=0.14). The
observed HRs of other risk factors previously established
as being associated with CHD mortality were broadly
similar for sudden and non-sudden CHD, again suggest-
ing that the main distinguishing feature for sudden
death is a high-risk ECG.
Considering speciﬁc ECG ﬁndings, table 5 presents
adjusted ORs for T-wave changes: high-risk ECGs other
than those showing T-wave changes; and low-risk ECGs
(ie, ‘absent’). This suggests that the strongest associa-
tions with sudden/non-sudden CHD death are for
T-wave changes, although other high-risk ECG abnor-
malities may contribute (trend test, p=0.004). A second
analysis considered T-wave changes, Q/QS abnormalities
and arrhythmias jointly in the model. Numbers are
again small but the OR of 5.28 for arrhythmias on their
own, while not statistically signiﬁcant, suggests that these
may be mainly responsible for any non-T-wave effects.
Table 6 gives details of the distribution of all abnormal-
ities, singly and combined with each other, among all
2167 men. These support the analyses conﬁned to those
experiencing CHD death, showing a trend in the associ-
ation of ECG abnormalities with sudden death not seen
with non-sudden CHD death. Neither Q/QS patterns
nor arrhythmias were associated with sudden deaths,
though again numbers for these ﬁndings were small. The
strong associations for T-wave changes are conﬁrmed.
Conventional ECG analyses by DAC, based primarily
on T-wave changes, signiﬁcantly predicted the risk of
CHD death (as expected) but did not distinguish as
clearly as the Minnesota code results between sudden
and deﬁnite non-sudden death.
DISCUSSION
Using independent deﬁnitions of ECG abnormalities pre-
dicting an increased risk of CHD, we found a clear excess
of high-risk baseline ECGs in those who later died
Table 5 Multivariable associations of sudden death versus non-sudden CHD death by T-wave and other ECG changes
Sudden CHD
(n=184)
Non-sudden
(n=78)
Adjusted*
OR 95% CI
p
Value
High-risk ECG abnormality
No 150 73 1 – 0.004†
Abnormality without T-wave changes 13 3 2.64 0.65 to 10.72
T-wave changes‡ 21 2 5.93 1.22 to 28.81
T-wave changes
Absent 163 76 1 – 0.010
Present 21 2 6.09 1.22 to 30.39
Q/QS pattern
Absent 180 76 1 – 0.51
Present 4 2 0.50 0.06 to 3.94
Arrhythmias
Absent 174 77 1 – 0.075
Present 10 1 5.28 0.61 to 46.00
*Adjusted for age, peak flow rate, systolic blood pressure, body mass index, smoking status, previous angina, cholesterol, fibrinogen, factor
VII, triglycerides, platelets, white cell count, red blood cell count, haemoglobin, packed cell volume, alcohol use, social class, factor V and
factor VIII.
†Trend test.
‡Broken down by the presence of ST depression (numbers and adjusted OR (vs no ECG abnormality)):
T-wave alone: sudden deaths=13, non-sudden CHD deaths=1 (adjusted OR 7.26 (95% CI 0.84 to 62.50)).
T-wave and ST depression: sudden deaths=8, non-sudden CHD deaths=1 (adjusted OR 3.50 (95% CI 0.39 to 31.91)).
There were 36 individuals with a T-wave change, Q/QS abnormality and/or an arrhythmia:
23 individuals with a T-wave change (including 3 with a Q/QS abnormality and 1 with an arrhythmia);
3 individuals had a Q/QS abnormality alone;
10 had an arrhythmia alone.
There were three additional individuals with a high-risk ECG abnormality: two with a ventricular condition defect and one with an AV
conduction defect.
CHD, coronary heart disease.
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suddenly compared with those who died non-suddenly
from CHD. The main ECG abnormality contributing to
the high-risk prediction was T-wave changes. An early
report from the Framingham Study was on left ventricular
hypertrophy as a risk factor for CHD death, though not
necessarily sudden death.11 Other abnormalities as risk
factors for death, though also not necessarily for sudden
death, have included arrhythmias1 11 12 such as ventricu-
lar premature beats,1 11 13 ST-T-wave and/or Q-wave
changes,13–24 abnormality of ventricular repolarisation
and bundle branch block.25
There was no evidence that clotting factors can iden-
tify those at particular risk of sudden death.
We have deﬁned sudden or probable sudden coronary
death as death occurring within 24 hours of the onset of
MI, or as death within this time where autopsy ﬁndings
showed that death was certiﬁed as due to CHD, based
on the presence of coronary artery thrombosis or severe
coronary artery stenosis or occlusion with or without evi-
dence of cardiac muscle infarction. The agonal process
of death results in a striking increase in ﬁbrinolytic activ-
ity,26 which probably accounts for the absence of
Table 6 Multivariable associations of T-wave and other ECG changes with (1) sudden CHD death and (2) non-sudden CHD
death*
Sudden death
(n=184)
No sudden death
(n=1983)
Adjusted*
HR 95% CI p Value
(1) Sudden death
High-risk ECG abnormality
Absent 150 1816 1 – <0.001†
Without T-wave
changes
13 114 1.40 0.78 to 2.52
T-wave changes‡ 21 53 2.60 1.58 to 4.29
T-wave changes
Absent 163 1930 1 – <0.001
Present 21 53 2.52 1.52 to 4.18
Q/QS pattern
Absent 180 1959 1 – 0.84
Present 4 24 1.11 0.39 to 3.16
Arrhythmias
Absent 174 1903 1 – 0.46
Present 10 80 1.29 0.66 to 2.49
Non-sudden
CHD death
(n=78)
No non-sudden
CHD death
(n=2089)
Adjusted*
HR 95% CI p Value
(2) Non-sudden CHD death
High-risk ECG abnormality
Absent 73 1893 1 – 0.21†
Without T-wave
changes
3 124 0.62 0.19 to 2.04
T-wave changes‡ 2 72 0.47 0.11 to 1.99
T-wave changes
Absent 76 2017 1 – 0.30
Present 2 72 0.46 0.11 to 1.97
Q/QS pattern
Absent 76 2063 1 – 0.28
Present 2 26 2.31 0.51 to 10.53
Arrhythmias
Absent 77 2000 1 – 0.17
Present 1 89 0.24 0.03 to 1.81
*Adjusted for age, peak flow rate, systolic blood pressure, body mass index, smoking status, previous angina, cholesterol, fibrinogen, factor
VII, triglycerides, platelets, white cell count, red blood cell count, haemoglobin, packed cell volume, alcohol use, social class, factor V and
factor VIII.
†Trend test.
‡Broken down by the presence of ST depression:
T-wave alone: sudden deaths=13, non-sudden CHD deaths=1, non-CHD death/alive=40.
T-wave and ST depression: sudden deaths=8, non-sudden CHD deaths=1, non-CHD death/alive=11.
For (1) sudden death: adjusted HR=2.31 (95% CI 1.27 to 4.19) (T-wave alone); 3.07 (95% CI 1.39 to 6.78 (T-wave and ST depression).
For (2) non-sudden CHD death: adjusted HR=0.33 (95% CI 0.05 to 2.46) (T-wave alone); 0.89 (95% CI 0.11 to 7.07 (T-wave and ST
depression).
CHD, coronary heart disease.
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thrombi in many cases. Our proportion of sudden to
non-sudden deaths within the ﬁrst 24 hours is in accord-
ance with the ﬁndings of previous studies.16 19 27–29
A strength of our study is the prior availability from
another study of detailed ECG ﬁndings associated with
CHD, thus providing independent deﬁnitions of
abnormalities in relation to later death from CHD
(though not necessarily sudden death). Evaluations of
end point events and decisions on intervals between
onset of symptoms and death were also made
independently.
Our results suggesting T waves as a risk factor for
sudden death have been clear, signiﬁcant and consistent
in different analyses. However, there are several ques-
tions to be answered before our results could be consid-
ered for application in practice. First, the data were
collected >30 years ago, since when there have been
major changes in preventive and clinical cardiology.
Could these changes have altered or abolished the asso-
ciations we found? Second, the data come from a single
study in which the numbers of those with differing ECG
ﬁndings and also of those who died suddenly or non-
suddenly are obviously not large enough to suggest
applying our results in practice, though they have been
sufﬁcient in our study at least to raise the question.
Third, several of the original participants in NPHS-I
were elderly when they died, so that multiple patholo-
gies have to be considered in assigning the causes of
death. We believe we have minimised inaccuracies by col-
lecting information from all available sources, including
pathological details from the many autopsies carried out
(see below). Fourth, how accurate were classiﬁcations
into the sudden, probable and non-sudden groups? We
had stringent requirements for classifying deaths as
sudden or non-sudden. The high proportion of autop-
sies in the probable group (78% compared with 23% in
the non-sudden group) suggests that the majority of
these deaths were unexpected and indeed sudden, so
that combining them with sudden deaths was justiﬁed,
and that there will have been few misclassiﬁcations
of the intervals to death. The involvement of coroners’
ofﬁcers was particularly helpful in recording informa-
tion on timings. In fact, any mistakes over causes of
death or intervals will have reduced rather than have
exaggerated the strength of the associations we have
described. Finally, the concomitant contribution of
hypertension or left ventricular hypertrophy could not
be assessed with any certainty because of the omission
of men with more serious hypertension at recruitment,
though an advantage is that we have assessed the
effects of ECGs largely independent of any associations
with blood pressure.
In conclusion, among a group of men who had not
previously experienced major episodes of CHD but who
subsequently died from it, there was strong evidence that
high-risk ECG changes, mainly T-wave abnormalities,
differentiated between those who later died sudden deaths
and those who survived for >24 hours. Further research on
this potentially important topic should be a high priority.
As a start, case–control studies would avoid the drawbacks
of our prospective study and could produce early results
indicating whether or not it would be worth carrying out
more elaborate and long-term studies. Research should
also assess whether reading ECGs in day-to-day clinical
practice also indicates T-wave changes as indicators of an
increased risk of sudden death. If so, reliance on the
Minnesota code could be avoided.
Acknowledgements The authors are most grateful to Donna Davoren for
assistance in checking details in original records, sourcing references and
preparing the manuscript.
Funding This work was supported by Medical Research Council (EPNCAC86).
Competing interests None declared.
Ethics approval Please see text in Methods.
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No additional data are available.
Open Access This is an Open Access article distributed in accordance with
the terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://
creativecommons.org/licenses/by/4.0/
REFERENCES
1. Cheriyath P, He F, Peters I, et al. Relation of atrial and/or ventricular
premature complexes on a two-minute rhythm strip to the risk of
sudden cardiac death (the Atherosclerosis Risk in Communities
[ARIC] study). Am J Cardiol 2011;107:151–5.
2. Lanti M, Puddu PE, Menotti A. Voltage criteria of left ventricular
hypertrophy in sudden and nonsudden coronary artery disease
mortality: the Italian section of the Seven Countries Study. Am
J Cardiol 1990;66:1181–5.
3. Puddu PE, Menotti A, Tolonen H, et al. Determinants of 40-year
all-cause mortality in the European cohorts of the Seven Countries
Study. Eur J Epidemiol 2011;26:595–608.
4. Meade TW, Brozovic M, Chakrabarti RR, et al. Haemostatic function
and ischaemic heart disease: principal results of the Northwick Park
Heart Study. Lancet 1986;2:533–7.
5. Rose GA, Blackburn H. Cardiovascular survey methods. Geneva:
World Health Organisation, 1968:137–54.
6. Miall WE, Greenberg G. Mild hypertension: is there pressure to
treat? Press CU, 1987:132–44.
7. World Health Organization. Ischaemic Heart Disease Registers
Report of the Fourth Working Group, 29 June – 1 July 1970. https://
www.cabdirect.org/cabdirect/abstract/19712703696 (accessed online
October 2016).
8. Clayton TC, Meade TW, Turner EL, et al. Peak flow rate and death
due to coronary heart disease: 30-year results from the Northwick
Park Heart cohort study. Open heart 2014;1:e000164.
9. Sperrin M, Buchan I. Modelling time to event with observations
made at arbitrary times. Stat Med 2013;32:99–109.
10. Fine JP, Gray RJ. A proportional hazards model for the
subdistribution of a competing risk. J Am Stat Assoc 1999;94:496.
11. Kreger BE, Cupples LA, Kannel WB. The electrocardiogram in
prediction of sudden death: Framingham Study experience. Am
Heart J 1987;113(2 Pt 1):377–82.
12. Abdalla IS, Prineas RJ, Neaton JD, et al. Relation between
ventricular premature complexes and sudden cardiac death in
apparently healthy men. Am J Cardiol 1987;60:1036–42.
13. John RM, Tedrow UB, Koplan BA, et al. Ventricular arrhythmias and
sudden cardiac death. Lancet 2012;380:1520–9.
14. Algra A, Tijssen JG, Roelandt JR, et al. QTc prolongation measured
by standard 12-lead electrocardiography is an independent risk
factor for sudden death due to cardiac arrest. Circulation
1991;83:1888–94.
15. Kurl S, Makikallio TH, Rautaharju P, et al. Duration of QRS complex
in resting electrocardiogram is a predictor of sudden cardiac death in
men. Circulation 2012;125:2588–94.
8 Meade T, Clayton T, Chamberlain D. Open Heart 2016;3:e000440. doi:10.1136/openhrt-2016-000440
Open Heart
group.bmj.com on October 27, 2017 - Published by http://openheart.bmj.com/Downloaded from 
16. Laukkanen JA, Di Angelantonio E, Khan H, et al. T-wave inversion,
QRS duration, and QRS/T angle as electrocardiographic predictors
of the risk for sudden cardiac death. Am J Cardiol 2014;113:
1178–83.
17. Machado DB, Crow RS, Boland LL, et al. Electrocardiographic
findings and incident coronary heart disease among participants in
the Atherosclerosis Risk in Communities (ARIC) study. Am J Cardiol
2006;97:1176–81.
18. Niemeijer MN, van den Berg ME, Eijgelsheim M, et al. Short-term
QT variability markers for the prediction of ventricular arrhythmias
and sudden cardiac death: a systematic review. Heart
2014;100:1831–6.
19. Ohira T, Maruyama M, Imano H, et al. Risk factors for sudden
cardiac death among Japanese: the Circulatory Risk in Communities
Study. J Hypertens 2012;30:1137–43.
20. Porthan K, Viitasalo M, Toivonen L, et al. Predictive value of
electrocardiographic T-wave morphology parameters and
T-wave peak to T-wave end interval for sudden cardiac death
in the general population. Circ Arrhythm Electrophysiol 2013;6:
690–6.
21. Rautaharju PM, Zhang ZM, Warren J, et al. Electrocardiographic
predictors of coronary heart disease and sudden cardiac deaths in men
and women free from cardiovascular disease in the Atherosclerosis Risk
in Communities study. J Am Heart Assoc 2013;2:e000061.
22. Soliman EZ, Prineas RJ, Case LD, et al. Electrocardiographic and
clinical predictors separating atherosclerotic sudden cardiac death
from incident coronary heart disease. Heart 2011;97:1597–601.
23. Straus SM, Kors JA, De Bruin ML, et al. Prolonged QTc interval and
risk of sudden cardiac death in a population of older adults. J Am
Coll Cardiol 2006;47:362–7.
24. Strauss DG, Mewton N, Verrier RL, et al. Screening entire health
system ECG databases to identify patients at increased risk of
death. Circ Arrhythm Electrophysiol 2013;6:1156–62.
25. Eriksson P, Wilhelmsen L, Rosengren A. Bundle-branch block in
middle-aged men: risk of complications and death over 28 years.
The Primary Prevention Study in Goteborg, Sweden. Eur Heart J
2005;26:2300–6.
26. Meade TW, Howarth DJ, Stirling Y, et al. Fibrinopeptide A and
sudden coronary death. Lancet 1984;2:607–9.
27. McNeilly RH, Pemberton J. Duration of last attack in 998 fatal cases
of coronary artery disease and its relation to possible cardiac
resuscitation. Br Med J 1968;3:139–42.
28. Panikkath R, Reinier K, Uy-Evanado A, et al. Prolonged Tpeak-
to-tend interval on the resting ECG is associated with increased risk
of sudden cardiac death. Circ Arrhythm Electrophysiol 2011;4:441–7.
29. Smyllie HC, Taylor MP, Cuninghame-Green RA. Acute myocardial
infarction in Doncaster. II. Delays in admission and survival. Br Med
J 1972;1:34–6.
Meade T, Clayton T, Chamberlain D. Open Heart 2016;3:e000440. doi:10.1136/openhrt-2016-000440 9
Cardiac risk factors and prevention
group.bmj.com on October 27, 2017 - Published by http://openheart.bmj.com/Downloaded from 
Northwick Park Heart Study
long-term prospective results from the 
disease:or not suddenly from coronary heart 
Distinguishing between those dying suddenly
Tom Meade, Tim Clayton and Douglas Chamberlain
doi: 10.1136/openhrt-2016-000440
2016 3: Open Heart 
 http://openheart.bmj.com/content/3/2/e000440
Updated information and services can be found at: 
These include:
References
 #BIBLhttp://openheart.bmj.com/content/3/2/e000440
This article cites 26 articles, 12 of which you can access for free at: 
Open Access
http://creativecommons.org/licenses/by/4.0/
use, provided the original work is properly cited. See: 
others to distribute, remix, adapt and build upon this work, for commercial
the Creative Commons Attribution (CC BY 4.0) license, which permits 
This is an Open Access article distributed in accordance with the terms of
service
Email alerting
box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the
Notes
http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:
http://journals.bmj.com/cgi/reprintform
To order reprints go to:
http://group.bmj.com/subscribe/
To subscribe to BMJ go to:
group.bmj.com on October 27, 2017 - Published by http://openheart.bmj.com/Downloaded from 
